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Non-polar lipids are synthesized by keratinocytes in the epi-
dermis and trtl nsported co the extracell ular space where they 
contribute to tormation of a permeability barrier. Transport 
of non-polar lipids in other organs and tissues usually occurs 
with th e lipid complexed to an apolipoprotein. In this study 
we set out to learn if apolipoprotein E is produced by human 
epidermal keratinocytcs in cuicure. 
Anal ys is of tota' cellular RNA from cultured keratinocytes 
A primary function of epidermis is to provide a barrier agains w:, ~er loss (1]. It is clear from recent S(uJies rhat differt:ntiating kerarinocyrcs of the stratun' -:;n'l-ulosum and tratum corneum medi.ae barrier rn-tion via pre Iction and transport of nOIl-pol~ iplds 
from the cytoplasm to tl intercellular space [2 - 4]. In mos cases, 
non-polar lipids do not ( Jt ce lls without participation of apolipo-
proteins acting cithcr as carriers or extracellular acceptors 15j, A ... a 
group, plasma apolipoproteins arc charactt:rizcd by repea ting se-
quences of amino acids which form amphipathic helices that have 
one hydrophobic face and one hydrophilic face [6]. This structural 
fearure allows apolipoprotcins to associate with and tr3nsport nOI1-
polar lipids in an aqueous environment, Most apolipoproteins are 
synthesized in liver or intestine [5]. Apo E is also synthesized in a 
wide variery of extra-hepatic tissues (hereafter referred to as periph-
eral tissues). For example. in human and non-human primates apo E 
is symhesized in brain, kidney, adrenal gland, spleen, lung, ovary, 
testis, lymph node, and skeletal muscle 17 -9]. In non-human pri-
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showed the presence of human apolipopn>!ein E mRNA at 
concentrations ranging from 2.5 to 35 molecules/cell. The 
cells secrete a protein identified as apo E on the basis of 
molecular weight, isoform pattern, and immunoreactivity. 
Enzyme linked immunosorbent assay of media from keratin-
ocyte cultures indicated that apolipoprotein E is secreted at a 
rate of 0.92 ng/h/IO' cells.) II/vest DermatoI92:96 - 99, 1989 
mates apo E mRNA is present in a wide variety of tissues including 
skin [IOJ. 
In light of the roleof a1 lpoprotdns in the transporr of nonpolar 
lipids, it is possible that these proteins playa part in epidermal 
barrier formation . To examine this possibility, we have investigated 
ape E synthesis and secretion in cultured keratinocytes. In the cuc-
rcnt study we report that apo E is produced by primary human 
epidermal kerat inocytes in culture, 
MATERIALS AND METHODS 
Cell C ulture in samples were obtained from human adult ab-
domen or IlcwL( ·11. foreskin. Epidermal keratinocytes were cultured 
using techniqt. t 11j and media [12] as described. Mitomycin C-in-
activated {Sifr. t~ 3T 3 cells were utilized as feeder layers {13.141. 
Human her;':'ocarcinoma cells, HepG2 [15]. were cultured in 
DMEM contaill1r.g 10% fetal bovine serum (Hyclone Laboratories), 
5l's/ ml bovine Insulin (Sigma). 100 U/ ml penicillin (Sigma), and 
100 I'g/ ml streptomycin (Sigma). 
Metabolic Labeling For metabolic labeling experiments, lOS 
keratinocytes from primary cultures were plated into 35 -n dishes 
containing lOS feeder cells. When cultures reached ap' mately 
90% con fluency, cell layers were rinsed twice with Wet ' PS, and 
incubated for 30 min at 37·C in methionine-free t ' ~ 'M .. The 
cultures were then labeled for 4 h in 1.5 ml of met!-J: nine-free 
DMEM containing 200 ,uCi/ml [ 3': ~S-methionin e (1,200 Ci/ 
mmo!. New England Nuclear) . Media were harvested, brought to 
0,2 Illg/ Illl PMSF, centrifuged twice at 12,000 rpm for 5 min, and 
dialyzed overnight at 4·C against PBS containing 1 111M methio-
nine. 
Immunoprecipitation and E lectrophoretic Analysis Ali-
quOts of culture media containing equal amounts of TCA-pre-
clpitab le protein radioactiviry were iml. unoprecipitated by the 
previously dr,il·ribed double antibody procedure [7]. lmmunopreci-
ritates were analyzed by 10% SDS-PAGE as described by LaemmJi 16]. The gels were run at 55 volts for 17 h. After processing for 
fluomgraphy [17J. gels were exposed to Kodak X-Omat AR film for 
48-72 h at -70· C. Purified human plasma apo E was radiolabeled 
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with P4]C-formaldehydc PB] and used along with molecular 
weight markers (Hiorad) (Q cal ibrate the gels. 
Two-Dimensional Gel Electrophoresis High resolution two-
dimensional gcl analysis was carried out as described by O'Farrei 
[19J. Samples of culture mcdia from [351S-methionine labeled cells 
were immunoprecipitated as above and the resulting pellets were 
dissolved in 0.05 M N-cyclohexylamine cthanesulfonic acid, pH 
9.5: 2% SOS: 5% 2-mercaptoethanol; and 10% glycerol. The sam-
ples were electrofocused in parallel tubes for a total of B.OOO Volt-h 
through ampholines (LKB) mixed as follows: 20% pH 3.5- 10.0 
and BO% pH 5.0 - 7.0. For the second dimension, the focused gels 
were run side-by-side. horizontally, on an 11 % SDS-PAGE slab gel 
to allow direct comparison of the rcsulrs. Gels were run and pro-
cessed as described above. 
RNA Isolation and Analysis Total ce llular RNA was isolated by 
a variation of rhe guanidine isothiocyanate method [20]. 
Aliquots containing 25 Jig of {otal cellular RNA were treated 
with 6% formaldehyde and electrophoresed through a 1.2% agarose 
gel as described [20J. The gels were processed and RNA elewoblot-
ted {O nylon membranes (Genescrecn, New England Nuclear) at 
500 mAmps overnight under the conditions recommended by the 
manufacturer. RNA was cross linked {O the nylon membranes by 
exposure {O 254 nm ultraviolet light as described 121 J. Prehybridi-
zation and subsequent hybridization were carried Out as described 
[221 except the 50S concentration was increased to 5%. The blot 
was probed with 10' cprn/mlnick translated [23J plasmid pE368 
(kindly provided by Dr. J. Breslow, Rockefeller University [24]). 
Blots were washed twice with 2X SSC, 0.5% SDS. for I h each at 
42 ' C, followed by rwice with O.IX SSC, 0.5% SOS. for I h each at 
60°C. Autoradiography of the blots was carried out for 5 d at 
-70· C. 
Absolute concentrations of apo E mRNA were measured by a 
DNA excess solurion hybridiz:aion assay of 25 J1g aliquots of tOtal 
ce llular IlNA. The assay W3S carried out exacd y as described flO]. 
Enzyme Linked Immunosorbent Assay (ELISA) Rates of ac-
cumulation of apo E in media from HepG2 and keratinocytes cul-
tures were measured by ELISA. C ultures were incubated for the 
indicated times in the appropria te media minus serum. Media were 
harvested, adjusted to 0.2 mg/ml PM.SF, and centrifuged twice at 
12,000 rpm for 5 min at 4°C to remove any cells. If necessary, media 
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Figure 1. Detect-io n of Apo E mRNA in Cultured Kera rioocytes and 
He pG2 C ells. Toral cellular RNA was ex tracted from cultured kerattllo-
cytes and HepG2 cdls and analyzed by northern hybridization. The blots 
were calibrated by RNA molecular weight markers (Bethesda Research 
ubor:norics. Inc.). UNI!S 1,2,J ,and 4 are HAKOl O. HFK771. HFK770. and 
HepG2 cells. respectively. 
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were concentrated tenfold by lyophilizing to dryness and reconsti-
tuting with 1/ 10 volume of sterile distilled water. Processed culture 
media were stored at -70°C until used. 
ELISA assays were carried out according to a modification of the 
procedure of Voller et al [251. Buffer conditions are as follows: 
buffer I (Il l). 0.1 M NaCarbonate, pH 9.6,0.02% NaAzide; buffer 
II (BII), 0.9% NaCl, 0.05% Tween 20 (Sigma); buffer III (Bill). 
PBS, 0.05% Tween 20, 0.02% NaAzide; buffer IV (BlV), 0.05 M 
NaCarbonate, pH 9.8, 1 mM MgCI2. Assays were carried out in a 
series of five steps in 96-welt EIA plates (NUNC). Between each 
step the plates were washed 3 times with BII . The entire procedure 
was carried out at room temperarure in a final volume of 0.2 ml/ 
well. The steps were as follows: 1) anti-h uman apo E monoclonal 
antibody D3 (suppl ied by Dr. Eugin Koren, Oklahoma Medical 
Research Foundation, Ok lahoma City) was diluted t : 250 in BI and 
bound co the plate overnight; 2) unknowns, blanks. and dilutions of 
standardized human sera were added for 2 h; 3) the IgG fraerion of a 
rabbit ami-human apoE polyclonal antiserulll (C5: [7J) was diluted 
I : 500 with Bill and added for I h; 4) sheep anti-rabbit IgG conju-
gated with alkaline phosphatase (Sigma) at a I : 500 dilution in Bill 
was added for I h; and 5) p-nitrophenyl phosphate (Sigma) at I 
mg/ rnl in BlV was added until the highest point on the standard 
curve reaches an optical density (405 nm) of2.0. Plates were read in 
a Perkin-Elmer Lambda microt1ter plate reader. The lower limit of 
detection was 0.7 ng/ml in the final assay volume. 
RESULTS 
RNA Analyses T o determine ifkeratinocytes in culture are capa-
ble of producing apo E protein, RNA extracted from various kcra-
tinocyte cultures was assayed for rhe presence of apo E mRNA. 
Kcratinocytc cultures were derived from two samples of newbom 
foreskin (HFK770 and HFK77 1) and one sample of adult abdomi-
nal skin (HAKOIO). All three showed a 1.2-kb fragment [26J that 
hybridized to an apo E cDNA probe. An identical band was seen in 
the RNA from HepG2 cells (Fig I). 
The cellular concentration of apo E mRNA was determined by 
DNA-excess solution hybridization assay and found to range from 
2.5 to 35 molecules/cell (Table I). These values were substantially 
lower than seen in HepG2 cells. which contain approximately 726 
copies of apo E mRNA/ ceil. 
Protein Analysis Apo E synthesis and secretion in cultured kera-
{inocytcs were examined by metabolic labeling with 1351S-methio-
nine and analyzing the media for labeled apo E by irnmunoprccipi-
tation. As shown in Fig 2. the anti-apo E antiserum precipitated a 
band from rhe culture media of abdominal keratinocytes, HAKO 10 
(lane I). and foreskin keratinocytes. HFK77 1 (latU~ 3) that co-mi-
grated with hath purified human plasma ape E and apo E immuno-
precipitatcd from HepG2 culture media. This band was nOt irnmu-
noprecipitatcd by pre-immune rabb it serum (laPll~s 2141 6, alld 8) and 
was not derived from the 3T3 reeder cel ls bcc~ lIse 3T3 cells alone 
did not produce decectable qualltities (Iml(~ 7) . We conclude that apo 
E is symhesized and secreted by keratinocytcs in culture. As ex-
pected rrom the RNA analysis. the amount of apo E produced by 
these cells was considerably less than HepG2 cells. 
To determine if keratinocytes arc capable of posc-translationally 
processing apo E, a two-dimensional gcl analysis was carried out. 
Figure 3 shows chat the isoform pattern ofkeratinocyte apo E is very 
Table I. DNA Excess Solution Hybridization Assay 
Apo mRNA Concentration' 
______ S_'_m.cpc...I_' _____ 'moteculcs,/_,_,_I1:..) ______ _ 
HFK770 2.5 +/- 0.13' 
HFK771 9.9 +/- 0.25 
HAKOIO 35.2 +/- 0.28 
_____ H_e..:.p_G_2 _____ 7_26 +/- 7_5...:6 ______ _ 
• C:.lculoiuoll o( molcculci/ cell is I~sed on 22 pg tot:.1 RNA per cell. 
b Dau arc expressed u tht' m('an o( dupllcat(' d('tCtllllrmrOlu + /- standard deviation. 
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Pigure 2. Secretion of Apolipoproteio E From Cultured Kentino-
cytes. Immunoprecipit2tion 2nd SOS-PAGE were c2med out 2S described. 
Odd lIumbtrtd lants cont2in umples immunoprecieiuted with t'xcess r.lbbir 
anti·human 2po E as the primary 2ntibody (CS. [7J). Evtrl tlumbt'rtd lalla are 
controls and contain samples immunoprecipitated with pre-Immune rabbit 
serum as the prim2ry 2ntlbody. Lant' 2ssignments are as follows: 1 & 2, 
HAKOIO; 3 & 4, HFK771; 5 & 6, HepG2; 7 &8, 3T3. 
similar to that of HepG2 cells. The slight differences are due to 
well-characterized allelic variations and heterogeneity of poSt-
translational sialylation [5,27]' In addition, because keratinocytes 
produce less apo Ethan HepG2 cells, less was immunoprecipitated. 
leaving some isofonns below the level of detection of the procedure. 
In any case, it is clear that keratinocytes have the capacity to poSt-
translationally process apo E in the proper manner. 
Rate of Apolipoprotein E Secretion from Cultured Keratin-
ocytes Rates of apo E accumulation in the media of cultured kera-
tinocytes were determined by ELISA assay. After 12 h in serum-free 
medium, 1.5 and 60 ng/ ml had accumulated in HAK010 and 
H epG2 cultures, respectively. After 24 h, ape E concentrations had 
increased to 5 and 110 ng/ml, respectively. After normalization for 
cell numbers and incubation time, the average rates of accumulation 
were found to be 0.92 ng/h/IO' cells for HAKOIO and 4.7 
ng/h/l06 cells for HepG2. Rates of protein accumulation in cell 
cul ture media are equivalent to rates of secretion only if there is no 
simultaneous proteolysis. Proteolysis is unlikely because apo E la-
beled under similar conditions showed no evidence of degradation 
(Fig 2). 
It is interesting to note that while HepG2 cells contain twenty-
fold more apo E mRNA than HAKOIO cells, they secrete the pro-
tein at a rate only 5 times greater. The molecular basis for this 
difference is not understood. 
DISCUSSION 
The major finding of this study is that human keratinocytes in 
culture synthesize and secrete apo E. The data offered in evidence 
arc that keratinocytes make apo E mRNA and a protein. which is 
Identical to apo E by molecular weight, charge, and inununoreacri-
-IEF-
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Figure 3. Two-Dimensional Gel Analysis. Isodeccric Focusing (LEF) 
was run 10 parallel tube gels under conditions describt-d. One I.EF gel each or 
HepG2 and I-IFK771 were placed horizontally on the 53-me 50S-PAGE slab 
gel. which was run :lS described. Charge orientatioll was as shown. After 
processing. the gel W2S exposed for 4 weeks. 
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Table D. Rates ofSecrecion of Apo E from HAKOIO and HepG2 
Apo E Concentr2tion R2te of Secretion 
Cell Type (ng/ml culture medi2) (ngj hj IO' cells) 
HAKOIO 
12 h 1.5 + j- 0.03' 0.89 
24 h 5.0 +j- 0.09 0.95 
HepG2 
12 h 60.0 +j- 1.5 5.6 
24 h 110.0 +j- 1.7 3.8 
, Data ar~ expr('ssed u the mean or r~plicat(' cultum +/- sandvd deViation. 
vity. The ra[c of apoE production as determined by ELISA assay was 
0.92 ng/ h/ IO' cells. While we offer no direct evidence, we suggest 
that keratinocytes in epidermis also produce apo E. 
The functional significance of apo E symhesis in peripheral tis-
sues is unknown. Both a systemic [7,101 and local role [9,281 for 
peripherally synthesized apo E have been proposed. 
The systemic role for apo E involves participation in a process 
known as reverse cholesterol transport. In this case, apo E synthe-
sized in peripheral tissues mediates transport of excess cholesterol 
from the tissues to the liver via the blood. At the present time an 
estimate of the potemial contribution to total apo E by the epidermis 
can only be made with data comparing the relative amounts of ape E 
mRNA in the different organs and tissues. In a non-human primate 
(Cercopithecus aethiops. African Green Monkey), the liver contains 
60% of total body apo E mRNA, while the adrenals, testis, kidneys, 
and skeletal muscle contain 0.8%, 2.4%, 14.0%, and 16.0%, respec-
tively. Skin apo E accounes for 1.0% of body apo E mRNA 110]. 
Epidermis, therefore, likely makes a relatively small contribution (Q 
total systemic ape E levels. 
A putative local role for peripherally synthesized apo E involves 
lipid transport within a tissue or closed compartment. For instance, 
it has been shown that ape E or apo E mRNA is made in rat brain and 
optic nerve [28] and in astroglial cells of baboon brain [8]. Because 
apolipoprotcins do not cross the blood-brain barrier. any lipid trans-
port role for apo E would have to be local, within the eNS. Specifi-
cal ly. it has been hypothesized that apo E may be involved in choles-
terol transport in association with myelin generation and turnove r 
[28]. 
A local role for epidermal apo E may involve development and 
maintenance of the lipid rich "lamellar layer" located in the inter-
cellular spaces of the upper stratum granulosum and stratum cor-
neum [2-4]. The lamellar layer contains stacked bilayers that run 
parallel to adjacent cell membranes [29]. Apo E may participate in 
the stabilization of this structure. The reason for making this sug-
gestion is thac phospholipids that stabilize classical membranes are 
nOt present in the lamellar layer. instead, the lamellar layer is com-
posed of relatively non-polar lipids (ceramides, cholesterol, choles-
teryl esters, free fatry acids, and triglycerides) which are unlikely to 
form a highly structured stacked bilayer [3,30]. It has been sug-
gested that an amphipathic glycoprQ[ein(s) may playa role in stabi-
lization of these bilayer structures [30J. An excellent candidate for 
such a protein is ape E. The helices of this protein are amphipathic 
in nature and would allow interaction with both the nonpolar lipid 
components of the lamellar layer and the aqueous environment, 
thereby stabilizing the bilayered structures. 
Apo E may also be involved in lamellar laye r formation in a 
non-structural capacity. Clearly, the cells of the stratum granulo-
sum move non-polar lipids from the cytoplasm (Q [he extracellular 
space. In most cases, non-polar lipids exi t cells in association with 
apolipoproteins or rapidly associate with extracellular apelipopro-
tein acceptors. Perhaps keratinocyte apo E facilitates the transport of 
permeability barrier lipids from the cells of the stratum granulosum 
to the site of lamellar layer formation. Further experimentation to 
determine whether apo E is present in [he region of the lamel-
lar layer will be required to clarify the role of epidermally produced 
apo E. 
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